A robust, facile, and solvent-free route for the three-component synthesis of 2H-indazolo[2,1-b]phthalazine-triones in the presence of a catalytic amount of p-toluene sulfonic acid utilizing grinding has been developed. Short reaction time, simple operation, and high yields are the advantages of this protocol.
Introduction
In the past few decades, the synthesis of new heterocyclic compounds has been a subject of great interest due to their wide applicability. Among them, nitrogen heterocycles containing a phthalazine moiety are important because they show biological and pharmacological activities such as anticonvulsant, cardiotonic, and vasorelaxant [1] [2] [3] . Recently, three-component reactions of dimedone (5,5-dimethylcyclohexane-1,3-dione), an aldehyde, and phthalhydrazide to give 2H-indazolo [2,1-b] phthalazine-triones have attracted the interest of the synthetic community. Various catalytic systems including p-TSA [4] , Me 3 SiCl [5] , silica sulfuric acid [6] , H 2 SO 4 [7] , cyanuric chloride [8] , heteropolyacids [9] , and N-halo sulfonamides [10] have been reported. The direct four-component condensations have also been achieved by employing Ce (SO 4 ) 2 ⋅4H 2 O [11] , sulfuric acid-modified PEG-6000 [12] under solvent-free conditions. However, some of these methods suffered from several drawbacks such as hazardous organic solvents, high cost, long reaction time, use of stoichiometric, and excess amounts of acids. Therefore, the development of a new, efficient, and environment-friendly procedure is still in demand.
Grinding method is of interest because it is performed in the absence of solvent and under environment-friendly conditions. In the last years, this technique has found interest in synthetic organic chemistry [13] [14] [15] . The reported examples include nitrone synthesis [16] , Knoevenagel's reaction [17] , Michael's additions [17] , aldol condensation [18] , coupling reactions [19] , and peptide synthesis [20] . In the present work, we wish to report a versatile and green protocol for onepot, three-component synthesis of 2H-indazolo[2,1-b]phthalazine-triones using a catalytic amount of p-toluene sulfonic acid (Scheme 1). The grinding is done at room temperature and the reaction time ranges from 2 to 5 minutes. This synthetic route is green as it is essentially solvent-free and involves short reaction times at ambient conditions. The workup of each reaction involves a simple washing procedure with an ethanol/water mixture. To the best of our knowledge, this is the first example to construct 2H-indazolo [2,1-b] phthalazine-trione derivatives utilizing grinding method.
Results and Discussion
We started our study by treating phthalhydrazide (1 mmol), dimedone (1 mmol), and benzaldehyde (1 mmol) in a mortar and grinding them for a given time. Initially, the effect of catalyst amount on the reaction was investigated ( affording the corresponding product in 91% yield within only 2 minutes (Table 1 , entry 4). The generality and functional group tolerance of this procedure in the direct synthesis of 2H-indazolo[2,1-b]phthalazine-trione derivatives were examined employing a number of substituted aromatic aldehydes under the optimized conditions (Table 2) . In all cases, the starting materials became sticky and then solidified, indicating the end of the reaction. The method showed good substrate compatibility for aromatic aldehydes. Both aromatic aldehydes bearing electron-donating groups and electron-withdrawing groups gave the products in high yields. In the same way, the reaction of 1,3-cyclohexanedione for the synthesis of 2H-indazolo[2,1-b]phthalazine-triones under the optimum conditions was examined and the desired products were obtained in high yields (Table 2 , entries 9-12). In addition, the product could be easily purified by washing using an ethanol/water mixture (1 : 3 v/v). Thus, this method offers significant improvements with regard to the scope of the transformation, simplicity, and green aspects.
To compare the advantage of our protocol with the reported procedure, the comparison results were listed in Table 3 . As can be seen from the table, the reported procedures required high catalyst loading, long reaction time, and corrosive catalyst. These results clearly demonstrated that this protocol was more advantageous.
In summary, a robust, facile, and solvent-free route for the three-component synthesis of 2H-indazolo[2,1-b]phthalazine-triones in the presence of catalytic p-TSA using grinding has been developed. The reaction affords the products with high yields in very short reaction times. The green reaction conditions together with their simple purification process offered significant improvements over the reported methods.
Experimental
All reagents were obtained from local commercial suppliers and used without further purification. Melting points were determined on an X-4 apparatus. Analytical thin-layer chromatography was performed on glass plates of silica gel GF254 of 0.2 mm thickness. Mass spectra were performed on a Thermo Finnigan LCQ Advantage instrument with electrospray ionization (ESI, 4.5 keV) or Thermo Fisher Scientific DSQ-II instrument with electron ionization (EI, 70 eV).
1 H and 13 C NMR spectra were recorded on a Bruker Advance III 500 analyzer. All the products are known compounds and were identified by comparing of their physical and spectra data with those reported in the literature.
Typical procedure for the synthesis of 2H-indazolo[2,1-b]-phthalazine-triones: in a mortar, a mixture of phthalhydrazide (1 mmol), aromatic aldehyde (1 mmol), and dimedone or 1,3-cyclohexanedione (1 mmol) was ground together CDCl 3 ) = 28.5, 28.7, 34.7, 38.0, 50.9, 64.3, 118.1, 127.7, 128.1,  128.5, 128.8, 128.9, 129.0, 133.7, 134.5, 134.6, 134.9, 151.1, 154.3 
